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Abstract 
Background: Neurorehabilitation technologies such as robot therapy (RT) and 
transcranial Direct Current Stimulation (tDCS) can promote upper limb (UL) motor 
recovery after stroke.  
Objective: To explore the effect tDCS with uni-lateral and three-dimensional RT for 
the impaired UL in people with sub-acute and chronic stroke.  
Methods: A pilot randomised controlled trial was conducted. Stroke participants had 
18 one-hour sessions of RT (Armeo®Spring) over eight weeks during which they 
received 20 minutes of either real tDCS or sham tDCS during each session. The 
primary outcome measure was the Fugl-Meyer assessment (FMA) for UL 
impairments and secondary were: UL function, activities and stroke impact collected 
at baseline, post-intervention and three-month follow-up. 
Results: 22 participants (12 sub-acute and 10 chronic) completed the trial. No 
significant difference was found in FMA between the real and sham tDCS groups at 
post-intervention and follow-up (p=0.123). A significant ‘time’ x ‘stage of stroke’ was 
found for FMA (p=0.016). A higher percentage improvement was noted in UL 
function, activities and stroke impact in people with sub-acute compared to chronic 
stroke. 
Conclusions: Adding tDCS did not result in an additional effect on UL impairment in 
stroke. RT may be of more benefit in the sub-acute than chronic phase.  
Keywords: transcranial direct current stimulation, robot therapy, stroke, 
rehabilitation, upper limb, motor recovery  
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Manuscript 
1. Background 
Approximately one third of stroke survivors experience disability; motor impairments 
are recognised as a major contributor (Dimyan & Cohen, 2011). This disability is 
often long-term and is one of the primary reasons for psychosocial impact 
experienced by people with stroke, their families and the healthcare system (Aprile et 
al., 2008).  
As part of stroke care, rehabilitation techniques are thought to contribute to recovery 
by promoting anatomical and physiological re-organisation of damaged networks 
(Dobkin & Dorsch, 2013) which may be remodelled or unmasked by motor practice 
(Nudo, Wise, SiFuentes, & Milliken, 1996; Toni, Krams, Turner, & Passingham, 
1998; Ziemann, Muellbacher, Hallett, & Cohen, 2001). This re-organisation is then 
believed to promote UL motor recovery. However, at six months post-stroke, 33% to 
66% do not present with recovery of UL function and only a small percentage of 5-
20% achieve full recovery (Kwakkel & Kollen, 2013; Kwakkel, Kollen, van der Grond, 
& Prevo, 2003).  
Interventions such as Robot Therapy (RT) are currently being investigated as part of 
UL rehabilitation research programmes for people after stroke (Tanaka, Sandrini, & 
Cohen, 2011). Robotic devices can provide repetitive, high-intensity, task-specific, 
interactive, cost-effective intervention of the impaired UL, can measure changes 
whilst providing feedback to people with stroke and can potentially be more effective 
than conventional therapy (Hesse, Werner, Kabbert, & Buschfort, 2014; Klamroth-
Marganska et al., 2014; Prange, Jannink, Groothuis-Oudshoorn, Hermens, & 
IJzerman, 2006; Wagner et al., 2011). RT has been shown to result in improvement 
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of motor function of the UL; however, it may not significantly improve strength and 
activities of daily living and dexterity (Basteris et al., 2014; Mehrholz, Haedrich, Platz, 
Kugler, & Pohl, 2012). Thus, attention has focussed on trying to improve outcome of 
therapy by combining RT with other approaches such as transcranial direct current 
stimulation (tDCS).  
Nitsche and Paulus (2000) demonstrated that weak, direct currents, applied 
transcranially, cause polarity-dependent changes in excitability of human motor 
cortex (Brunoni et al., 2011). tDCS, a non-invasive method of brain stimulation 
applies a DC current of 1-2 mA via saline-soaked sponge electrodes and is thought 
to modulate neural excitability in brain areas by polarising the membranes of cortical 
neurones and modulating their firing patterns. In addition to its immediate effects on 
neural discharge, tDCS appears to cause after-effects on cortical excitability. These 
depend on the strength, duration and polarity of the stimulation and can outlast the 
period of stimulation by up to one hour (Nitsche et al., 2005) (Nitsche and Paulus, 
2001, Nitsche et al., 2003b). The longer lasting effects have been attributed to 
synaptic changes which involve modification of the synaptic strength of N-methyl-D-
aspartate receptors or altering Gamma-Aminobutyric Acid (GABA) activation in the 
remaining motor areas of the cortex (Liebetanz, Nitsche, Tergau, & Paulus, 2002; 
Stagg et al., 2009). Because of this, tDCS is sometimes said to promote long term 
potentiation and neuroplasticity (Fritsch et al., 2010). 
It has been postulated that combining tDCS with rehabilitation can increase 
neuroplasticity and improve the response of UL motor impairments and function to 
rehabilitation. Several small studies in people with sub-acute and chronic stroke 
have found that there is a significant improvement in UL motor impairments and 
activities when real tDCS has been coupled with conventional therapy or virtual 
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reality as compared to sham stimulation (Khedr et al., 2013; Kim et al., 2010; Lee & 
Chun, 2014; Nair, Renga, Lindenberg, Zhu, & Schlaug, 2011; Viana et al., 2014; Wu 
et al., 2013).  
The present study was designed to assess whether the effectiveness of RT in 
improving UL impairments in sub-acute and chronic stroke could be enhanced by 
concurrent tDCS. As in previous studies, we used anodal tDCS over the affected 
hemisphere since it produces excitatory effects on corticospinal excitability in healthy 
individuals. Anodal tDCS has been reported to improve UL reaction times in people 
with chronic stroke (Hummel et al., 2005; Charlotte Jane Stagg et al., 2011); it has 
been linked with decrease in GABA levels of the underlying motor cortex; and it is 
reported to increase functional connectivity within the motor areas of the brain (Stagg 
et al., 2009). There is only one previous study which combined anodal tDCS and RT 
in 96 people with sub-acute stroke. It did not result in significant UL motor 
improvements (Hesse et al., 2011). This could have been due to the choice of RT 
which only focused on distal and bilateral UL movements. Our protocol attempted to 
address this deficiency by adding anodal tDCS to three-dimensional and uni-lateral 
RT for sub-acute/chronic stroke survivors with UL impairment. A total of 22 patients 
underwent 18 sessions of RT or RT combined with tDCS over an eight-week period 
(approximately two/three sessions per week) and were followed up 3 months later. 
The primary aim of the study was to examine the effectiveness of additional tDCS; in 
addition we conducted an exploratory analysis to test whether time after stroke 
affected the response to therapy. 
2. Methods 
The research design was a double-blinded pilot RCT.  
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2.1 Criteria and recruitment 
Participants included were 18 years and above; had a confirmed clinical diagnosis of 
stroke by a neurologist or stroke specialist, no previous history of another stroke, 
were >2 weeks post-stroke, had upper and fore-arm and hand paresis (Medical 
Research Council scale for muscle strength > 2) with minimal spasticity allowed 
(Modified Ashworth scale ≤ 2) and partial shoulder flexion with gravity. They also had 
to have good sitting balance and ability to provide informed consent. Participants 
were excluded if they had: impaired gross cognitive function (<24 on the Mini-Mental 
State Examination (Folstein, Folstein, & McHugh, 1975), any another neurological 
condition apart from stroke, shoulder pain resulting from shoulder flexion beyond 
90º, epilepsy, implants in the brain, previous brain neurosurgery, metal implants in 
the skull or brain including cochlear implants, medications that influence cortical 
excitability, previous adverse effects when stimulated with tDCS and pregnancy. 
Participants were recruited from seven United Kingdom National Health Service sites 
and a private neurology hospital. Potential participants were provided an information 
pack by their health care professional or research nurse on leaving the rehabilitation 
unit/hospital ward. Participants already in the community were informed about the 
trial at their home, at stroke groups or at the day hospital during their rehabilitation 
session.  
2.2 Protocol 
2.21 Assessment and outcome measures 
Participants meeting the criteria and consenting to participate in the study were 
assessed at baseline, post-intervention and three month follow-up, conducted in the 
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laboratory of the University of Southampton. Three blinded assessors, trained 
qualified physiotherapists with experience in stroke assessment and neurological 
rehabilitation carried out clinical assessments (same assessor per participant for 
baseline, post-intervention and follow-up). The primary outcome measure of this 
study was the Fugl-Meyer Assessment (FMA) which is a quantitative and 
standardised clinical measure assessing motor recovery of the impaired upper limb 
in people with stroke (Fugl-Meyer, Jääskö, Leyman, Olsson, & Steglind, 1975; Platz 
et al., 2005). 
The secondary outcome measures were: (1) Action Research Arm Test (ARAT), an 
UL functional measure which involves testing the ability to grasp, move, and release 
objects differing in size, weight, and shape by the affected UL (Lyle, 1981), (2) Motor 
Activity Log-28 (MAL), a semi-structured interview during which respondents rate 
how well (quality of movement scale) they use the paretic hand during 28 UL 
activities of daily living (Uswatte, Taub, Morris, Light, & Thompson, 2006) and (3) 
Stroke Impact Scale (3.0) (SIS) which evaluates function and quality of life in eight 
clinically relevant domains on the basis of self-report (Duncan, Bode, Min Lai, & 
Perera, 2003). 
Before each RT intervention session, participants also carried out an additional two 
assessments on the Armeo®Spring robot (Hocoma AG, Switzerland); ‘vertical 
catching’ and ‘A-Goal’ which involved a target appearing on the screen and by 
moving the robotic arm the participants were able to reach that target by a cursor. 
Through these assessments the Hand Path Ratio (HPR) was measured which was 
calculated by the recorded distance between the cursor and the target divided by the 
straight line distance.  
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2.22 Randomisation 
Block randomisation was used with a computer program called ‘random allocation 
software’ (Saghaei, 2004). Each participant was first stratified into a sub-acute (2-16 
weeks post-stroke) or ‘chronic’ (> 16 weeks post-stroke) groups (chronic stage 
eliminating ‘spontaneous recovery (Langhorne, Bernhardt, & Kwakkel, 2011). Each 
participant was then randomised into group A or B; Group A: Anodal tDCS and RT, 
and Group B: Sham tDCS and RT 
To conceal allocation, an independent person placed the printed papers of sham/real 
in sealed opaque envelopes according to block randomisation. As soon as a 
participant enrolled in the study, the researcher made a telephone call to the 
independent person who then stated whether ‘real’ or ‘sham’ was to be administered 
to the participant.  
2.23 Intervention 
Each intervention session took approximately an hour and 15 minutes in total and 
was carried out at either at the Faculty of Health Sciences, University of 
Southampton or at Christchurch Day Hospital, Christchurch, depending on 
participant preferences. The intervention programme comprised of 18 sessions 
during an eight-week period (approximately two/three sessions per week).  
Real tDCS / sham tDCS was applied using the HDCkit® (Newronika, 2012) for the 
first 20 minutes of the one hour RT intervention session. The arbitrary C3 and C4 
positions of the 10-20 EEG system (Klem, Lüders, Jasper, & Elger, 1999) were 
measured for the placement of the anodal electrode over the affected M1 as carried 
out in previous tDCS studies (Hesse et al., 2011; Vines, Cerruti, & Schlaug, 2008). 
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Direct current was transferred by 35 cm2 (7x5cm) rubber electrodes surrounded by 
saline-soaked pair of surface sponge electrodes using adhesive bandages. The 
anode was applied over the M1 area of the affected hemisphere and the cathode 
was positioned on the contralateral supraorbital region (figure 1). For the sham 
stimulation current faded-in and faded-out over 10 seconds at the beginning and end 
of the 20 minutes in a ramp-like fashion. Stimulation amplitude was 1mA.  
The Armeo®Spring arm robot provided the robotic intervention, supporting the arm 
against gravity through integrated springs (figure 1). The robot provided a large three 
Dimensional workspace. The robotic arm has integrated sensors that measures 
kinematics, allowing participants to interact with therapeutic computer games and 
receive feedback about performance (Housman, Scott, & Reinkensmeyer, 2009). 
The intervention targeted integrated movements involving the shoulder, elbow, wrist 
and grip of the impaired UL. The games and the rest intervals were determined by 
clinical need and after every session, the level of support was minimally decreased 
in order to encourage maximal effort by the participant. 
2.3 Data Analysis 
In addition to the clinical assessor, video recorded FMA and ARAT assessments 
were also scored by an additional blinded clinical assessor. The scores of each rater 
were matched and any disagreement was resolved by discussion between both 
assessors. Percentages of change from maximum score of each outcome measure 
post-intervention and follow-up were calculated for the sub-acute and chronic 
groups. Two-way ANOVA were applied to FMA, HPR, MAL and SIS data to test level 
of significance between the real and sham group using IBM SPSS Statistics Version 
21 and Kruskal-Wallis tests was applied to the ARAT data. As an exploratory 
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analysis, two-way repeated measures ANOVA were applied to all FMA, HPR, MAL 
and SIS data (both groups) +/-TDCS with ‘time’ point (baseline, post-intervention and 
follow-up for all data but just baseline and post-intervention for HPR data) as within-
subject factor and ‘stage of stroke’ (sub-acute or chronic) as in-between subject 
factor. Friedman ANOVA was applied to the ARAT data. The Greenhouse-Geisser 
correction was applied to correct for non-sphericity. The Paired-Samples t-test was 
used for post-hoc analysis of FMA, HPR, MAL and SIS data to compare means 
values between two time-points (i.e. baseline and post-intervention or baseline and 
follow-up scores) and Wilcoxon-Signed Rank test was applied to the ARAT data. 
Significant values were accounted at p=≤0.05. Power calculations were calculated 
based on the standard deviation found from the FMA baseline score of the sub-acute 
and chronic groups using a t-test comparing two independent samples (power of 
80% and p value of 0.05).  
3. Results 
Between March 2012-July 2013, from all the recruitment sites, 35 participants 
agreed to take part of which 23 participants were eligible. 12 of these were 
randomised to the real tDCS group and 11 to the sham group (figure 2). Details of 
the patients are given in Table 1. There were no differences in age or UL 
impairments between the real and sham groups (p=0.686 and 0.55 respectively) and 
the mean FMA for the whole group was 32.3 (SD16.6).  
After four intervention sessions, a participant with chronic stroke dropped out of the 
trial due to a skin reaction after receiving four real tDCS sessions, therefore 22 
participants completed the trial. Each participant continued with their standard 
rehabilitation sessions of physiotherapy and occupational therapy (average twice a 
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week) during the trial and follow-up period. Participants receiving real tDCS reported 
sensations of itching (58%), tingling (58%), warmth (58%), burning (50%), pain 
(42%), light flashes (33%) and headaches (8%). After RT, participants reported 
fatigue (55%), shoulder pain of affected side (32%) and upper trapezius pain of 
affected side (14%). 
3.1 Real tDCS versus sham tDCS and RT 
A two way ANOVA with group (real and sham tDCS) and time (FMA baseline, post-
treatment and follow-up) showed a main effect of time (F=24.157, df =1.406, 
p=<0.001) but no effect of group or a group X time interaction (F=3.070, df =1, 
p=0.095). Thus the treatment improved FMA to the same extent whether patients 
received real or sham tDCS. Post-hoc analysis showed significant changes between 
post-intervention and baselines scores (p=<0.001 real and p=<0.001 sham;  paired t-
test) and follow-up and baseline scores (p=0.012 real and p=0.011 sham; paired t-
test) were found between FMA changes at three-month follow-up compared to post-
intervention scores (p=0.111 sham and p=0.071 real; paired t-test).  
A similar effect was observed for the HPR, ARAT, MAL and SIS. A two way ANOVA 
with group (real and sham tDCS) and time (baseline, post-treatment and follow-up) 
showed a main effect of time (HPR: F=14.376, df =1, p=0.002), (MAL: F=8.537, 
df=1.681, p= 0.002), (SIS: F= 19.326, df=1.605, p=<0.001) but no effect of group or 
a group X time interaction (HPR: F=1.015, df =1, p=0.332), (MAL: F=0.228, df=1, 
p=0.639), (SIS: F=0.477, df=1, p=0.498). Friedman ANOVA/Kruskal-Wallis test with 
group (real and sham tDCS) and time (ARAT baseline, post-treatment and follow-up) 
showed a main effect of time ( =16.636, df = 2, p=<0.001) but no effect of group or 
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a group x time interaction ( = 1.403, df= 1, p=0.236 post-intervention =2.293, 
df=1, p=0.130).  
3.2 Sub-acute versus chronic stage 
Each of the two treatment groups contained approximately equal numbers of acute 
and chronic stroke patients. Since there was no additional effect of tDCS, we 
combined the data from both groups and analysed whether treatment had a greater 
effect on sub-acute or chronic patients. There were no differences in age or UL 
impairments between the sub-acute and chronic groups (p=0.121 and p=0.249 
respectively). The mean baseline FMA score of the sub-acute group was 36.7 (SD 
18.4) demonstrating overall moderate UL impairment (58%); 25% were severely 
impaired, and 17% were mildly impaired (Lum, Burgar, Shor, Majmundar, & Van der 
Loos, 2002). The mean FMA score of the chronic group was 27.55 (SD 13.77) with 
46% severely impaired, 46% moderately impaired ad 9% mildly impaired.  
A two way ANOVA with stage (sub-acute or chronic) and time (FMA baseline and 
post-treatment and follow-up) revealed a significant stage X time interaction 
(F=1.015, df =1, p= 0.016) indicating that the response to treatment differed in the 
two groups. The absolute change in scores was 10.3 (or 15.5% baseline) (p=<0.001; 
paired t-test) in FMA of the sub-acute group at post-intervention and 10.6 (16.0% 
baseline) (p=0.001; paired t-test) at follow-up. Whereas there was only a significant 
absolute change in scores of 5.8 (8.8% baseline) (p=0.001; paired t-test) in the 
chronic group at post-intervention but non-significant change of 3.0 (4.5% baseline) 
(p=0.092; paired t-test) at follow-up (table 3). No significant changes were found 
between FMA changes at three-month follow-up compared to post-intervention 
scores (p=0.828 sub-acute and p=0.127 chronic).  
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There was a significant absolute change in HPR, ARAT, MAL and SIS scores of 0.42 
(25.0% baseline) (p=0.008; paired t-test), 15.00 (26.3% baseline) (p=0.03; Wilcoxon-
Signed Rank test), 0.97 (19.4% baseline) (p=0.006 paired t-test), 0.03 (0.6% 
baseline) (p=0.672) and 17.05 (29.4% baseline) (p=0.01 paired t-test) respectively of 
the sub-acute group at post-intervention. Whereas there was a non-significant 
absolute change in HPR, ARAT, MAL and SIS scores of 0.17 (11.4% baseline) 
(p=0.09; paired t-test), 2.00 (3.51% baseline) (p=0.176) and 0.39 (0.7% baseline) 
(p=0.168) respectively in the chronic group at post-intervention (table 4). At follow-
up, a significant absolute changes were found in ARAT, MAL and SIS scores of 
16.50 (29.0% baseline) (p=0.05 Wilcoxon-Signed Rank Test), 1.25 (25.0% baseline) 
(p=0.002 paired t-test) and15.32 (26.4 baseline) (p=<0.001 paired t-test) for the sub-
acute and only SIS was significant 3.54 (6.1% baseline) (p=0.005 paired t-test) in the 
chronic group.  
4. Discussion 
This study explored the effect of combining anodal tDCS with uni-lateral and three 
dimensional RT for the impaired UL and stroke impact of participants with sub-acute 
and chronic stroke. The null hypothesis was accepted for the present study. Adding 
real tDCS to the RT programme did not result in significant differences in outcome 
compared to sham tDCS. After the intervention a larger significant reduction in UL 
impairments was observed in the sub-acute compared to the chronic participants.  
A similar study explored the effects of RT and anodal, cathodal and sham tDCS in 96 
participants with sub-acute stroke (Hesse et al., 2011). Even though the study by 
Hesse et al. involved a larger sample, non-significant differences were also reported 
on UL impairments. The latter study involved daily RT bi-lateral wrist RT daily 
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sessions and applied an intensity of 2mA as opposed to the 1mA current used in the 
present study. A varied current intensity of 1mA to 2mA is also very prominent in 
similar recent studies involving tDCS and rehabilitation (Bolognini et al., 2011; Hesse 
et al., 2007; Khedr et al., 2013; Lindenberg, Renga, Zhu, Nair, & Schlaug, 2010). 
Increasing the current of tDCS and involving daily RT sessions might not make a 
difference in the results. However, using RT as an intervention might be minimising 
the effects of anodal tDCS. Interventions such as standard UL rehabilitation 
programmes, virtual reality and constraint induced movement therapy in addition with 
tDCS have shown a significant improvement in UL impairments (Bolognini et al., 
2011). However, this needs to be further explored with larger RCTs. 
RT is a rehabilitation health technology which enforces intensive and repetitive task 
practice for the UL (Krakauer, 2006). In the present study, the percentage 
improvement of UL motor impairments from baseline to post-intervention was 16% in 
the sub-acute group as opposed to 9% in the chronic group. However, in both 
groups the absolute change in score was >5, meaning that there was a minimal 
clinically important difference was found for people in the sub-acute and chronic 
stage (Gladstone, Danells, & Black, 2002; Page, Fulk, & Boyne, 2012). Early 
improvement was expected in the participants in the sub-acute group due to 
spontaneous natural recovery involving surrounding areas to the lesion (restitution) 
(O'Dell, Lin, & Harrison, 2009). Recovery also involves reorganisation of the brain 
tissue and learning and this occurs during the first six months post-stroke 
(Langhorne et al., 2011; O'Dell et al., 2009). For the chronic group, the intervention 
was the main factor that influenced the improvement since natural recovery could 
potentially be excluded. After several years post-stroke, UL impairment small 
improvements can still occur which might not be a result of true motor recovery but 
15 
 
of compensatory movements (Levin, Kleim, & Wolf, 2009). Therefore, integrating UL 
RT in community hospitals can potentially result in reduction of impairments which 
can last for three months and lower overall healthcare costs than traditional 
rehabilitation (Hesse, Werner, Kabbert, & Buschfort, 2014; Wagner et al., 2011).  
One of the main problems experienced by people with stroke is hand function. In 
order to grasp and release, the hand needs to open, position, grasp the object and 
then release that object (Connelly et al., 2010). It has been claimed that 
exoskeletons improve global UL movements but not hand dexterity (Lambercy et al., 
2007). Participants with sub-acute stroke showed a greater improvement in UL 
function and dexterity than the chronic group. Constrained movement induced 
therapy, a rehabilitation technique that promotes hand use, has been combined with 
bihemispheric tDCS in 14 people with chronic stroke and significant differences in 
hand function were found in the real stimulation group compared to the sham 
stimulation group, which also remained stable at follow-up (Bolognini et al., 2011).  
Participants in the sub-acute stage also showed a larger improvement in their stoke 
impact after the trial. Measuring stroke impact is important as part of the WHO’s 
classification of disability (WHO, 2001). None of the previous studies involving tDCS 
have explored stroke impact and participation after the applied interventions. In 
stroke, prerequisites of participation usually involve the reintegration in the social 
community and perception of stroke recovery which can be measured by using the 
Stroke Impact Scale (Eriksson, Baum, Wolf, & Connor, 2013). RT has been shown to 
significantly increase social participation compared to usual care (Lo et al., 2010).  
A small and heterogeneous sample size was included in this study. The study would 
have been powered sufficiently to detect an effect of tDCS if it had been as large as 
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reported in previous trials of non-robot therapy. Post-analysis a power calculation 
identified that 106 participants with sub-acute stroke and 94 participants with chronic 
stroke will be required to obtain a significant difference between real and sham tDCS 
groups. Additionally, participants were in a different phase (sub-acute and chronic), 
had different types, and locations of stroke, and a range of UL impairments. Also, 
participants continued concomitant treatment with an average of twice a week during 
the trial and the three-month follow-up period and therefore this could have had an 
impact in their UL recovery. The clinical assessments were carried out by three 
different assessors and therefore a potential increase in measurement error between 
the assessments could have occurred.  
5. Conclusion 
Conducting research is important to advance the knowledge on neurological 
rehabilitation of UL problems that are commonly experienced by people with stroke. 
This research contributed to the current knowledge about combining tDCS to 
rehabilitation programmes in stroke. No significant differences were found between 
the real and sham tDCS groups. RT is potentially a more effective for people with 
sub-acute stroke, influencing UL impairment, function, activities and stroke impact. 
Larger studies need to be carried out in order for researchers and health care 
professionals to make more informed decisions when integrating tDCS and RT in 
stroke rehabilitation settings in the future. 
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Tables Captions 
Table 1 Demographic data of sub-acute participants enrolled in the study 
Table 2: Exploratory analysis of the mean FMA scores at baseline, post-intervention 
and follow-up of real and sham groups 
Table 3: Exploratory analysis of the mean FMA scores at baseline, post-intervention 
and follow-up of sub-acute and chronic groups  
Table 4: Exploratory analysis of median/mean ARAT, MAL and SIS scores at 
baseline, post-intervention and follow-up of sub-acute and chronic groups 
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Table 2  
Participant 
Number 
Gender 
1
(M/F) 
Age 
(years) 
Handed-
Ness 
(L/R)
2 
Type of 
Stroke 
(I/H)
3 
FMA 
Baseline 
Time since 
Stroke 
(months) 
Sub-acute/ 
Chronic 
Stroke 
Location 
of Stroke 
(SC/C)
4 
Sham Group 
1 M 52 R I 36 2 Sub-acute R SC 
2 M 71 R H 52 3 Sub-acute R SC 
3 F 60 R I 59 3 Sub-acute  L SC 
4 M 78 R I 46 2 Sub-acute L SC 
5 F 83 R I 49 2 Sub-acute R C 
6 F 76 R I 39 2 Sub-acute L SC 
7 M 53 R I 23 25 Chronic R  C 
 
8 M 49 R I 17 53 Chronic R  C 
9 M 58 R H 28 9 Chronic L SC 
 
10 M 37 R I 37 22 Chronic L C 
 
11 F 71 R I 22 24 Chronic R SC/C 
 
Real Group 
  
12 F 79 R I 22 2 Sub-acute L 
(Unknown 
Location) 
13 M 72 L I 4 3 Sub-acute R SC 
14 M 68 R I 40 2 Sub-acute L SC 
15 F 47 R H 59 3 Sub-acute L SC 
16 F 57 R I 8 3 Sub-acute R SC 
17 M 63 R I 26 2 Sub-acute R SC 
18 M 68 R I 19 35 Chronic R C 
 
19 F 48 R I 23 21 Chronic L C 
 
20 M 59 R H 61 61 Chronic R SC 
21 M 65 R H 32 90 Chronic L SC 
22 M 71 R I 8 72 Chronic R C 
23 F 74 R I 33 10 Chronic L SC 
% Mean (SD) 60.9% M 
39.1% F 
63.4 
(12.0) 
95.7% R 
4.3% L 
21.7% H 
78.3% I 
32.3 
(16.6) 
19.6 
(25.7) 
52.2%           
Sub-Acute 
47.8% 
Chronic 
31.8% C 
63.6% SC 
4.5% SC/C 
1
F/M=Female/Male 
2
R/L=Right/Left 
3
I/H= Ischaemic/Haemorrhagic 
4
SC/C= Sub-Cortical/Cortical 
23 
 
Table 2 
 
 
 
Mean  
(SD)
3
 
 
Baseline 
 
Post-
intervention 
 
Follow- 
up 
 
Change
3 
 
 
p-value
4 
 
 
Change 
 
p-value
4
 
(B) (P) (F) (P-B) (%) (P-B) (F-B) (%) (F-B) 
Real 
Group
 
24.91 
(16.01) 
33.64 
(16.25) 
32.09 
(16.65) 
+ 8.73 
(13.23%) 
<0.001* 
+7.18 
(10.88%) 
0.012* 
Sham 
Group
 
37.09 
(13.57) 
44.82 
(16.29) 
44.18 
(18.08) 
+7.73 
(11.71%) 
<0.001* 
+7.09 
(10.74%) 
0.011* 
1
FMA= Fugl-Meyer Assessment/ Maximum Score is 66, 
2
SD= Standard Deviation, 
3
Change=% 
from the Maximum Score, 
4
Paired-Samples t-test, (*) significant at p=≤0.05 
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Table 3 
 
 
 
Mean  
(SD)*
3
 
Baseline 
 
Post-
intervention 
 
Follow- 
up 
 
Change
*3 
 
 
p-value
*4 
 
 
Change 
 
p-value
*4
 
(B) (P) (F) (P-B) (%) (P-B) (F-B) (%) (F-B) 
Sub-
Acute 
Group
 
36.67 
(18.36) 
46.92 
(17.78) 
47.3 
(18.00) 
+ 10.25 
(15.53%) 
<0.001* 
+10.58 
(16.03%) 
0.001* 
Chronic 
Group
 
24.20 
(8.60) 
30.00 
(10.23) 
27.20 
(11.01) 
+5.80 
(8.78%) 
0.01* 
+3.00 
(4.55%) 
0.092 
*1
FMA= Fugl-Meyer Assessment/ Maximum Score is 66, 
*2
 SD= Standard Deviation, 
*3
Change=% 
from the Maximum Score, 
*4 
Paired-Samples t-test, (*) significant at p=≤0.05 
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Table 4 
Outcome Measure 
Sub-acute group Chronic group 
Baseline Post-
Intervention 
Follow- 
Up 
Change *
1 
 
Change *
1
 Baseline Post-
Intervention 
Follow- 
Up 
Change*
1 
 
Change*
1
 
(B) (P) (F) (P-B)  (F-B) (B) (P) (F) (P-B)  (F-B) 
ARAT
*3 
Overall Median      
(min, max)
 
33.50 
(0,56) 
48.50 
(0,57) 
50.00 
(0,57) 
+15.00 
(26.32%) 
+16.50 
(28.95%) 
6.00 
(0,16) 
8.00 
(0,18) 
8.00 
(0,13) 
+2.00 
(3.51%) 
+2.00 
(3.51%) 
MAL*
4 
Overall Mean 
 (SD)*
2 
1.33 
(1.27) 
2.30 
(1.76) 
2.58 
(1.80) 
+0.97 
(19.40%) 
1.25 
(25.00%) 
0.46 
(0.50) 
0.49 
(0.74) 
0.59 
(0.81) 
+0.03 
(0.60%) 
0.13 
(2.60%) 
SIS
*5
 
Overall Mean  
(SD)*
2 
57.97 
(21.80) 
75.02 
(15.65) 
73.29 
(14.74) 
+17.05 
(29.41%) 
+15.32 
(26.43%) 
58.12 
(26.51) 
58.51 
(23.35) 
61.66 
(24.93) 
+0.39 
(0.67%) 
+3.54 
(6.09%) 
*1Change=% from the Maximum Score (ARAT= 57, MAL=5 points, SIS=100 points), *2 SD= Standard Deviation, *3ARAT= Action Research Arm Test, *4 Motor 
Activity Log-28, *5 SIS= Stroke Impact Scale 
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Figure Captions 
Figure 1: A lady playing a computer generated fruit shopping game using the 
Armeo®Spring Robot. In the game, the person needed to manoeuvre the robot to 
pick up an apple and place it in the shopping cart as demonstrated on the computer 
screen 
Figure 2: Consort flow diagram: Process of participant recruitment to completion of 
study 
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Figure 1 
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Figure 2 
 
